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CONVERSION FACTORS, NON-St TO St (METRIC)
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Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:
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HABITAT UTILIZATION BY JUVENILE PINK AND CHUM SALMON

IN UPPER RESURRECTION BAY, ALASKA

PART I: INTRODUCTION

1. Patterns of habitat utilization by juvenile pink (Qncoz'hynclhu

gorbuocha) and chum (0. kota) salmon were studied in Resurrection Bay at a

oroposed small-boat harbor construction site near Seward, AK.* These salmon

populations had not been surveyed before and may be extremely sensitive to

environmental changes caused by construction of the breakwater. This report

presents the results of the 2-year preconstruction study that can be applied

to studies of similar coastal engineering projects in waters occupied by

anadromous fishes and that will serve as a baseline to be measured against

once construction has been completed.

2. The proposed harbor location lies at the mouth of the Resurrection

River (Figure 1), which, along with its tributaries, provides major spawning

habitat for several species of anadromous salmon important to commercial and

sloort fisheries. Pink and chum salmon stocks from this and other Resurrection

Bay systems are harvested in Resurrection Bay as part of the Lower Cook Inlet

(Eastern District) commercial fishery, which is managed by the Alaska Depart-

ment of Fish and Game. Because of the 2-" ar life cycle of pink salmon,

adults return to spawning streams in pr .qble and highly segregated even-

numbered-year and odd-numbered-year runs. In Resurrection Bay, even-numbered-

year runs are dominant, and in strong years, over 100,000 pink salmon and over

10,000 chum salmon are commercially harvested (Alaska Department of Fish and

Game 1987). Annual spawning runs (escapement) in Resurrection River tributar-

ies average over 30,000 pink salmon (Table 1). Coho salmon (Cncorhynchus

kisutch) are not fished commercially in this area, but the coho salmon sport

fishery is the second largest in Alaska, with an annual harvest of over

17,000 fish (Vincent-Lang, Bernard, and McBride 1988). The coho salmon

management program in Resurrection Bay involves supplemental plantings of fry

US Army Engineer District (USAED) Alaska. 1982. "Detailed Project Report

ind Final Environmental Impact Statement: Proposed Small Boat Harbor

Navigational Improvements, Seward, Alaska, 1982," Unpublished Report, Alaska
Diatrict, Anchorage, AK.
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and fingerlings, monitoring smolt and adult migrations, and evaluating the

sport fishery.

3. This study focused on juvenile pink and chum salmon, considered the

primary juvenile salmonids of concern in shallow nearshore estuarine areas due

to their small size during outmigration (in contrnst to other local salmonids)

(Hiss and Boomer I86). Juvenile pink and chum salmon (hereinafter referred

to as salmon fry) emerge from the gravel in spawning streams after absorbing

most of their yolk sacs and within a few days migrate directly to the sea.

The timing of emergence is determined by stream temperatures during incubation

(Sheridan 1962) and, in Alaska, has been correlated with increased or peak

water flows following ice breakup (Buklis and Barton 1986). Fry in Alaska

generally begin emerging during April or May and continue over a 1-month span

(Sheridan 1962, Morrow 1980). Outmigrating pink salmon range from 28 to 32 mm

in length (Sheridan 1962, Rogers and Burgner 1967), and chum salmon from 35 to

40 =% (Kirkwood 1962). Emergence and outmigration usually occur at night, and

in short coastal streams, fry reach the marine environment by dawn (Neave

1955, Bailey 1969). Little or no feeding occurs during short migrations, and

yolk reserves may not be completely depleted until marine residence is estab-

lished (Rogers and Burgner 1967, Morrow 1980).

4. Extensive literature exists regarding the estuarine and marine ecol-

ogy and behavior of juvenile salmon in waters off the coasts of Washington and

British Columbia; less is available representing Alaskan systems. In all sys-

tems, however, estuarlne residence is extremely important to pink and chum

salmon fry as the result of a number of life history requirements. Fry use

shallow inshore waters (typically estuarine areas) as nurseries and require a

critical period spent in these low-salinity habitats to undergo growth and

make osmoregulatory adjustments prior to migration into offshore marine

waters. Residence time (total time that juvenile salmon occur in rtearshore

estuarine habitats) is determined by size at saltwater entry, availability of

preferred prey, river discharge, and estuarine topography (Simenstad, Fresh,

and Salo 1982). Pink salmon remain in shallow, nearshore zones for periods of

2 days to 1 month, and when a size of 40 to 60 mm is attained, begin gradual,

irregular movement to offshore habitats (Thorsteinson 1962, McInerney 1964,

Neave 1966, Bailey 1969). Chum salmon residence times are longer, ranging

from 1 week to 2 months before offshore movem2nt begins (Mason 1974; Bax and

Whitmus 1981; VTN Oregon, Inc. 1981).
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5. During residence in estuarine waters, fry form schools near shore

during daylight hours and disperse at night (Hoar 1956, Neave 1966). Juvenile

pink valmon generally ressain near the surface in slow water areas (Bailey

1969), whereas chum salmon are more benthic, preferring mud or sand bottoms

with eelgrass for cover (Meyer 1979). Mortality of fry during early marine

life is high (Parker 1968, 1971), p.;imarily dua to predation. Known fry pred-

ators include birds, marine mammals, large marine invertebrates, and fisltes

such as Dolly Varden (Savelinu niainma), juvenile coho salmon, herring (Ciupca

harangus), Pacific tomcod (Microgadus proxii4m), and sculpins (ftoxocphaZlus

spp. and Leptocottus spp.).

6. The first few months that fry spend in the 6ea are typically a time

of rapid growth. Adequate food resources in nursery areas are critical to fry

survival during this period (LeBrasseur and Parker 1964, Healey 1979). Chum

salmon fry rely primarily on epibenthic harpacticoid copepods and amphipods,

whereas pink salmon are dependent on more pelagic zoopl~nkters (Kaczynski et

al. 1973; Bailey, Wing, and Mattson 1975; Cooney et al. 1978; Healey 1979;

Simenscad 1980; Godin 1981).

7. The location of the proposed harbor lies immediately adjacent to the

path of outmigrating salmon fry from the Resurrection River (Figure 2) and may

encompass a fry nursery area. Project design involves a rubblemound break-

water that will extend approximately 275 m into the bay, run parallel to shore

for about 760 m, and will include a midtide breach in the northern breakwater

as a paxssgeway to facilitate movement of fry through the harbor. The inner

portion of the harbor will be dredged to a uniform depth of 5.5 m.* Harbrr

construction would have the following physical effects: (a) approximately

one-third of the intertidal area of the Resurrection River would be altered,

(b) several braids of the delta would be rechanneled, (c) 118 acres** of tidal

flats would be eliminated by dredging and construction, and (d) the mouth of

the river would eventually shift to the west. Environmental concerns include

the following: (a) nursery or rearing habitat may be modified, (b) salmon fry

may be forced to move seaward without sufficient time spent in nursery habi-

tats, Cc) salmon fry may be impeded in their normal movement down the

* USAED, Alaska, op. cit.
** A table of factors for converting non-SI units of measurement to SI

(metric) units is found on page 3.
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shoreline of the bay, (d) salmon fry may be forced to spend a disproportionate

amount of time in deeper waters where they may be exposed to increased preda-

tion pressure and suboptial food resources, (e) fry may become concentrated

within or around the breakwaters and thereby be preyed upon by fishes

attracted to the structures, and (f) salmon fry may suffer the effects of

reduced water quality resulting from increased siltation, temperatures, and

discharge of boat wastes.

8. In view of these concerns, this preconstruction monitoring study was

developed so that it could be replicated in postconstruction studies. The

objectives were as follows:

a. To establish the spatial and temporal distribution and relative
abundatice patterns of juvenile pink and chum salmon in inshore
and offshore zones of the upper reacheo of Resurrection Bay.

b. To assess qualitatively the dependence of juvenile pink and chum
salmon on planktonic varsus epibenthic food resoucces as a means
to estimate the value of the intertidal nursery habitat.

c. To evaluate predation on juvenile pink and chum salmon in
intertidal habitats in the proposed harbor area.

d. To estimate outmigration timing.

e. To estimate estuarine residence time for juvenile pink and chum
salmon at the project site.

f. To establish the patierns of relevant physical and water quality
parameters in the upper reaches of Resurrection Bay.

7



PART II: STUDY AREA

9. Resurrection Bay ig a fjord estuary located on the Kenai Peninsula

of south-central Alaska (Figure 1). The Resurrection River empties into the

northeastern terminus of the bay chrough a large deltaic wetland area. Other-

wise, the surrounding bay has steep slopes that drop to depths of 100 to

300 m. Glacial icefields overlook cne bay, and strong winds and heavy precip-

itation are characteristic of the area. Winds are predominately from the

south between April and September and northerly during the rest of the year.

10. The city 9f Seward, a community of approximately 2,500 people, is

located on the northwestern shore of Resurrection Bay. Major industries are

commercial fishing, tourism, and the Alaska Railroad. In addition, Seward is

the site of an Alaska Marine Highway System ferry ttrminal, a vocational

training school, and a field experiment station for the University of Alaska's

Institute of Marine Science. Seward is served by ,he Alaska Marine Highway

System, commercial air service, a State highway, and the Alaska Railroad.

11. The shoreline of Resurrection Bay is subject to two diurnal tides of

relatively great range, with an extreme range of about 6 m, a mean range of

2.5 m, and a mean diurnal range of 3.2 m. Marine waters of the outer bay are

relatively clear with low concenLrations of suspended sediments except during

glacial melt or storm wave activity. The Resurrection River is a glacial

stream, has formed sediment deposits in the upper bay, and contributes a con-

siderable silt load to the entire bay during glacial melt. Peak discharge

occurs mainly betweea July and September and varies from approximately 75 to

500 n 3/sec, the average being about 110 m 3/sec. During the winter, fresh

water input drops to below 50 m 3/sec and may be as low as 10 m 3/sec between

January and March (US Geological Survey, unpublished data). Generally, the

less dense fresh water overlays the denser marine water and flows seaward out

of the bay. The seaward flow of fresh water at the surface entrains dense

marine water from below; this process results in a longitudinal salinity gra-

dient and an up-estuary flow beneath the surface outflow. This generalized

flow pattern describes a unique estuarine circulation characteristic of rela-

tively shallow depths within fjords such as Resurrection Bay (Heggie,

Boisseau, and Burrell 1977).

12. The study area for this investigation encompassed the Resurrection

River beiow Salmon Creek, lower Salmon Creek, and the upper intertidal reaches
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of Resurrection Bay southward to Fourth of July Creek and Lowell Point (Fig-

ure 2). A freshwater ssmpling station %as established in Salmon Creek, two

estuarine stations were established within or closely adjacent to the proposed

harbor site, and four idditLonal stations were established in surrounding

reaches of the bay. Photographs d^picting general aspects of the proposed

harbor site and each estuarine station are presented in Figure 3. The upper

intertidal areas of the three easternmost stations (designated Noname, Cliff,

and Houseboat) consist of loose graywacke 41ate from 2 to 50 cm in size. The

lower intertidal areas of these stations and the total intertidal area of the

two northernmost stations (designated North and Greenhouse) consist of approx-

imately 66-percent sand and 34- percent silt. Both upper and lower inLertidal

areas at the southernmost station (designated Lowell Point) consist of cob-

bles. The bottom at the four northernmost stations is relatively flat and

shallow, with increasing slope with distance to the southwest, dropping off

abruptly around 1 km from shore. The bottom at the two southernmost stations

drops abruptly beyond the intertidal area (Figure 2). Comon intertidal

aquatic vegetation includes eelgrass (Zostei spp.), rockweed (Fucuo

diotichus), sea lettuce (Ulva spp.), and kelp (Laminaria 1pp.).

9



PART III: METHODS

13. Fieldwork was conducted for 2 years during the outmigration period

of Alaskan pink and chum salmon fry. In 1986, sampling began during the first

week of April and was completed by the third week of May except for one sam-

pling in mid-June. In 1987, sampling commenced during the third week in April

and was completed during the last week in June.

Inshore Species Composition, Distribution, and Relative Abundance

14. To assess inshore species composition, distribution, and relative

abundance of juvenile salmon and their predators, beach seining was conducted

at six stations across the upper shoreline of Resurrection Bay (Figures 2 and

3). A beach seine 27.4 by 1.8 m constructed of 4.7-mm square ace mesh with a

3.2-mm square ace mesh bag was used. Three replicate hauls were conducted at

each station at both high and low tide each week throughout the sampling

period during each year. Because of dewatering and subsequent seining ineffi-

ciency at low tide, no low tide seine sampling was conducted at Noname in

1987. Records of the numbers and species of all fishes caught were main-

tained. Random subsamples of juvenile pink and chum salmon from every station

and fry predators from harbor stations were preserved in 70-percent ethanol

for length, age (fry only), and stomach content analyses.

Offphore Juvenile Salmon Distribution

15. To assess offshore juvenile salmon distribution in upper Resurrec-

tion Bay, tow netting was undertaken weekly during May 1986 and during the

week of 8 June 1987. The tow net measured 2.7 by 2.7 m across the mouth, was

8.2 m in length, and was constructed of mesh sizes varying from 3.2 to 38 mm.

A 20-min surface tow was made weekly along each of 5 transects in 1986 and

once along each of 10 transects in 1987 (midbay transects were added in 1987)

(Figure 2).
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Juvenile Salmon Food Habits

16. To establish the degree of Juvenile salmor dependence on planktonic

versus epibenthic food resources, six pink and six chum salmon juveniles from

each station (three from each tide stage) from 19 May through 22 May 1986 (the

most productive beach seining week in terms of Juvenile salmon catches) were

randomly selected, and their stomach contents were identified. The number of

stomach samples in which one or more of a given food item was found was

recorded.

17. The frequency of occurrence of epibenthic and planktonic food

resources in fry stomachs was calculated by taking the number of stomachs that

contained one or more of a given food item and expressing it as a percentage

of the total number of nonempty stomachs (Windell and Bowen 1978), thereby

estimating the proportion of the population that fed on that particular item.

The same method was used to determine the frequency of occurrence of salmon

fry in predator stomachs.

Predation on Juvenile Salmon

18. To evaluate the level of predation on Juvenile salmon in intertidal

habitats in the proposed harbor area, fry predators from the two harbor site

stations (Noname and Cliff) were randomly subsampled from beach seine catches

and preserved for stomach contents analysis. Fry predators were identified in

1986 by opportunistically subsampling all potential predator species. Fry

predation was systemically analyzed in 1987 by subsampling up to 10 fish per

predator species (coho salmon, Dolly Varden, great sculpin (AlyoxocephaZus

polyacanthocephaZus), and staghorn sculpin (Loptocottus anrntus) from seine

hauls from each harbor site station for each tide level each week. Some of

the predators were not likely to have ingested fry because of their small size

and were eliminated from further stomach content analysis. Predator fork

length to the nearest millimetre and numbers of pink and chum salmon fry per

stomach were recorded.

11



Outmigration Timing

19. Several methods of sampling were employed in fresh water to deter-

mine approximate outmigration timing and to collect reference sanples for age

determination. Sampling fbcused on Salmon Creek, a major tributary to the

lower Resurrection River with known salme, spawning and relatively easy road

access. A fyke trap, 0.91 m in diameter, 2.7 m long, with 2.7-m wings and

constructed of 4.7-mm square Delta 15.9-kg netting, was deployed 1 to 4 nights

per week from 2 April through 5 May 1986. The sampling station was located

approximately 150 m downstream of the Nash Road bridge (Figure 2). The net

was typically placed in midchanal facing upstream and was cleaned and checked

every 6 to 12 hr. Collected juveniles were identified, subsampled, and mea-

sured for fork length (millimetres).

20. Sampling was also conducted in Salmon Creek using a 2.7-m-long

smolt net with a 0.46-m-diam mouth, constructed of 2.3-mm knotless nylon mesh,

and with a large baffled cod end for low-stress capture of live fish. Sam-

pling occurred on I to 3 nights per week from 9 April through 21 May 1986 and

from 20 April through 3 June 1987. The net was suspended from the Nash Road

Bridge into the area of greatest apparent flow in Salmon Creek and was checked

every 2 to 12 hr. Collected juveniles were identified, subsampled, measured

for fork length (millimetres), and preserved in 70-percent ethanol for otolith

analysis.

21. Other tributaries of the Resurrection River and Bay were sporadi-

cally sampled in 1986 to determine outmigration timing and contribution to the

Resurrection Bay juvenile salmon population. Minnow traps were used to sample

Fourth of July, Spring, Noname, Bear, and Salmon Creeks and the maiustem

Resurrection River (Figure 2). Sampling was conducted intermittently at these

locations from 10 April through 21 May 1986. The traps were baited with sal-

mon eggs and placed in the streams overnight. All collected fish were identi-

fied and recorded, and collected pink and chum salmon juveniles were

subsampled and preserved in 70-percent ethanol.

12



Determination of Estuarine Residence Time

Pond evaluation

22. A study to identify otolith increment periodicity for knc a fry

was conducted in an experimental saltwater pond on the grounds of '. Univer-

sity of Alaska Institute of Marine Science facility. The tubber-lined pond

has a capacity of 1,000 m3. Nutrient-rich water from a depth of 73 m is

pumped into the pond. The exchange rate with Resurrection Bay is 5 percent

per day.

23. Several preliminary evaluations of conditions in the experimental

pond were made prior to the introduction and rearing of salmon fry. Tu quali-

tatively determine the food supply present in tile pond, three oblique plankton

tows (bottom depth, 4.3 m; diameter of net, 18 cm; mesh size, 0.2 mm) were

made from the shoreline once during the last week of April and once during the

first week of May 1987. During the last week of April, 20 pink and 5 chum

salmon fry (captured in Salmon Creek that morning and believed to have emerged

from the gravel that day) were introduced into the pond. The fry remained in

the pond (within a 1- by 1-m, 5-mm-mesh netpen) for 1 week; then they were

removed, and their general condition was assessed.

Rearing of known-age fry

24. During the first week of May 1987, 439 pink and 4 chum salmon fry

from the Salmon Creek smolt-net samples were transferred to the experimental

pond in an aerated cooler filled with stream water. Only healthy fry were

introduced into the pond. Fry were sampled at approximately weekly intervals

with a 7.5- by 2-m, 0.5-cm-mesh seine from mid-May through late June. Fish

were preserved in 70-percent ethanol for the subsequent extraction of sagittal

otoliths.

Otolith extraction and preparation

25. Each fish was positioned under a dissecting microscope, and both of

the otoliths were removed through a single dorso-ventrnl incision through the

dorsal surface of the head, perpendicular to the longitudinal axis. Membranes

adhering to the otoliths were ramoved in a water bath, and the clean otoliths

were mounted sulcus sides down on glass slides with a heat-sensitive plastic

resin. Otoliths were ground to the maximum diameter with a grinding jig

(Neilson and Geen 1982) using 1.0-p alumina polishing compound.
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Otolith reading and

daily growth increments

26. When available, otoliths from 10 fish of each species (pink and

chum salmon) from each sampling week (1987) from each seine station were ana-

lyzed. Analysis was performed on additional fish collected during the first

week of May (the week exhibiting the highest catches of salmon fry). Otoliths

ware also analyzed from pink salmon collected at weekly intervals from the

experimental pond (10 fish sampled from each of the 7 weeks of pond resi-

dence). In total, otoliths were examined from 301 unknown-age fry (203 chum

and 98 pink salmon) and from 71 known-age fry (1 chum salmon and 70 pink

salmon).

27. The numbers of daily growth rings or increments were counted on

each otolith to give estuarine age in days. An increment was defined as a

thin, dark band plus an associated wider, light band when viewed under a

microscope with transmitted light (Campana and Neilson 1985). In addition to

the otolith readings, fork length was recorded for each fish.

28. Prepared otoliths were viewed with transmitted light under a com-

pound microscope at magnifications of X250, X400 or X1,000. Counts of incre-

ments were made along a radius of the dorsal lobe approximately 135 deg from

the rostral portion of the longitudinal axis of the otolith (Figure 4), unless

increments along this axis were obscured. A radius between 90 and 180 deg

from the longitudinal axis was used when the 135-deg radius was judged

unacceptable.

Physical and Water Quality Parameters

29. Spatial, seasonal, and tidal patterns of physical and water quality

parameters were identified by measuring current speed, current direction,

optical turbidity, water temperature, dissolved oxygen, conductivity, and pH

at each beach seining station (Figure 2). Sampling was conducted at inshore

and offshore sites during low and high tide. Inshore sites were located as

closely as possible to the shoreline (with a minimum of 1-m bottom depth);

offshore sites were located offshore the beach seining sites at bottom depths

of 4.6 to 6.1 m. Physical data were collected at bottom, midcolumn, and sur-

face levels at offshore sites and from bottom and surface levels at inshore

sites. One complete set of physical data was collected between 18 April and

14



7 May 1986. Water temperature, dissolved oxygen, conductivity, and p1l were

measured weekly at harbor stations and intermittently at nonharbor stations

between 20 April and 26 June 1987.

30. Water temperature, dissolved oxygen, conductivity, and pit were mea-

sured with a Hydrolab Surveyor 11.* Transmitted light and scattercd light as

functions of optical turbidity were measured with a Montedoro-Whitney ThU-3

Transmissometer/nephelometer. Current speed and direction were measured with

an Endeco Type 110 Remote Reading current meter.

Analysis

31. Percent composition was used as an index of relative abundance of

fry and fry predators for comparison between beach seining stations. Catch

per unit effort (unit effort - seine haul) was also used to compare the spa-

tial and temporal distribution and abundance of salmon fry, fry predators, and

other species caught during beach seining. Catch per unit effort was calcu-

lated by dividing the total catch for each species by the number of seine

hauls on each date. Comparisons were made for catches from pooled or parti-

tioned stations, station types (harbor or nonharbor, east or west, north or

south), dates, and tide stages, using t-test procedures to test the null

hypothesis that no difference existed in catches of pooled or partitioned fry

and fry predators between high and low tide samples, station types, or sample

years. An observed significance level of P : 0.05 was used to reject or

accept the null hypothesis.

32. Catch per unit effort was also used as an index of relative abun-

dance over time to evaluate outmigration timing in Salmon Creek. Catch per

unit effort (unit effort - 1 hr of gear deployment) was calculated by dividing

the total smolt-net or fyke-net catch of fry for each species by the number of

hours the gear was fishing on a given day.

33. The frequency of otolith growth increments was evaluated by count-

ing the increments of known-age fish sampled from the experimental pond. The

otoliths of pond fish had a darker discontinuous zone, or transfer check,

* The use of trade names does not reflect endorsement by the US Fish and
Wildlife Service or US Army Engineer Waterways Experiment Station, Vicks-
burg, MS.
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coinciding with the date of capture and introduction into the saltwater pond.

This provided a reference point from which to begin evaluating age. The num-

ber of growth increments between the check and the periphery of the otolith

was interpreted as saltwater age. To confirm datly periodicity of increments

in pond fish, increment counts were compared with days of residence in the

pond.

34. To identify a reference point on the otoliths indicating the onset

-'f estuarine residence in wild fry, the mean radius from the major nuclei to

the beginning of consistent increment formation for wild and pond otoliths was

compared with the mean radius from major nuclei to the otolith periphery for

fry collected from Salmon Creek. Increment formation and fork length of

unknown-age fish were compared with those of known-age fish from the experi-

mental pond.

35. Mean ages were calculated for each fry species by location and

date. Increment counts were made for both left and right otoliths, and when

different, counts were averaged in calculations for mean age.
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PART VI: RESULTS

Inshore Species Composition, Distribution, and Relative Abundance

36. Species composition of beach seine catches totaled 21 taxa which

included 5 species of salmon; anadromous Dolly Varden, eulachon (ThaZoichthys

pacif'au;s), and stickleback (Gasterosteus acuZoatw3); 3 species of flatfish;

2 species of sculpin; 5 nearshore benthic species; and 3 nearshore pelagic

species (Table 2).

Salmon fry

37. The mean number of fry (both pink and chum salmon, all stations

combined) caught per seine haul in 1986 was nearly three times that of the

1987 mean (9.3 versos 3.2, respectively) (Figure 5). This was primarily

attributable to a much higher catch of pink salmon (at all stations except

Cliff) in 1986 than in 1987 (6.8 versus 0.8 per seine haul, respectively).

Catches of chum salmon did not differ as drastically between the 2 years (Fig-

ure 6) and averaged 2.5 fish per seine haul each year. For both years, fry

catches in seine hauls peaked in the first week of May. In 1986, the increase

in mean catches was dramatic between the last week in April and the first week

in May; in 1987, the increase was less pronounced (Figure 5). Catches of chum

salmon peaked 2 weeks earlier in 1987 than in 1986; catches of pink salmon

peaked during the same week both yeais (Figure 7). Appendix A contains raw

seine data for salmon fry.

38. Over all stations, salmon fry were most abundant at Cliff in 1986

(47.4 percent of total catch) and at Noname in 1987 (53.3 percent) (Figures 8

and 9). These stations combined (both are proposed harbor site stations) con-

tributed 57.1 percent of the total fry catch in 1986 and 59.0 percent in 1987.

39. Although this difference in fry catches between harbor and nonhar-

bor stations appeared appreciable, t-test comparisons indicated that no sig-

nificant difference existed between fry catches at harbor and nonharbor

stations at the 0.05 level. When harbor versus nonharbor catches were com-

pared using only combined dates of peak fry catches (4-18 May 1986; 27 April-

11 May 1987), differences were again found to be statistically insignificant.

However, four of six cases (fry only) approaching significance at the

0.10 level indicate that more years of data may have shown higher catch rates

of salmon fry at the project sites (Table 3). Null hypotheses (no difference
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exists) were also tested for north (Greenhouse, North, Noname, Cliff) versus

south (Lowell Point, Houseboat) stations and east (Greenhouse, Lowell Point)

versus west (North, Noname, Cliff, Houseboat) stations using all dates and

just peak dates: No significant differences were observed.

40. Pink saliion fry were most abundant at Cliff (mean - 24.8) and least

abundarnt at Noname (mean - 1.8) in 1986, and most abundant at Noname (mean -

2.5) and least abundant at North (mean - 0.1) in 1987. Thin was probably an

artifact of the very low pink salmon catch at all stations in 1987. Chum sal-

mon were most abundant at Lowell Point (mean - 7.3) and least abundant at

North (mean - 0.9) in 1986, and mnst abundant at Noname (mean - 10.7) and

least abundant at Cliff (mean 0.5) in 1987.

41. When combining stations to analyze 1987 catches by tide stage,

Noname was excluded because it was not sampled during low tide. Differences

between high and low tide catches were not consistent over time nor at all

stations and proved to be statistically insignificant. When t-test compari-

sons were used to compare catches by tide (H : no difference exists between

high and low tide catches), no significant differences were found for pink

salmon fry, chum salmon fry, or salmon fry at combined stations for either

combined date and peak dates, or at each station for combined dates and peak

dates (Table 3). One exception was notedt Low tide catches of chum salmon at

Houseboat were significantly higher than high tide catches. The data suggest,

however, that the proportion of fish taken at high tide increases through the

season, presumably as the fish grow (Figure 10).

Predators

42. The mean number of predators (Dolly Varden, sculpin, and juvenile

coho salmon,) caught per seine haul in 1987 was over twice that of the mean

catch in 1986 (9.0 versus 4.2, respectively) (Figure 11). Catches of all

predator species were higher in 1987, but especially for coho salmon (Fig-

ure 12). In 1986, predator catches were highest during the last week of sam-

pling (mid-June), and in 1987, during the first week of June.

43. Fry predators were most abundant at Cliff during both years and

were least abundant at Noname in 1986 and at North in 1987 (Figures 13 and

14). Mean catches of predators from harbor stations were significantly higher

than those from nonharbor stations in 1987 (Table 3). These differences were

not observed for 1986 catches. In addition, no significant difference in
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predator catches was observed between north and south stations or between east

and west stations.

44. Catches of predators were not significantly different between high

and low tides (stat'ions combined), nor were catches of individual predators

with two exceptions: catches of sculpins were significantly higher in low

tide samples in 1987, and catches of coho salmon were higher in high tide

samples in 1986. When stations were analyzed separately, predator catches

were significantly higher at high tide at Lowell Point and significantly

higher at low tide at North and Houseboat.

Other fishes

45. Of the species collected during beach seining (other than fry or

fry predators), herring, sand lance (/uAodytec hc:ptcru), starry flounder

(Platichthys atcLZatuo), sockeye salmon smolts (0. norka), and eulachon were

the most abundant. High catches of herring, eulachon, and sand lance in

spawning condition were intermittently observed at Cliff, Houseboat, and

Lowell Point. Spawning sand lance were observed during low tide on the

exposed mud flats at North during mid-May 1987.

Offshore Juvenile Salmon Distribution

46. No pink or chum salmon fry were captured during offshore tow net-

ting, but up to 250 larval smelt were caught in every tow in 1987. One Juve-

nile coho salmon and one small kelp greenling (ilcxgmw ros docagrazm wi) were

also captured in 1987.

Juvenile Salmon Food Habits

47. The two most consistently occurring food items in both pink and

chum salmon stomachs were planktonic calanoid and epibenthic harpacticoid

copepods. Dipteran larvae and adults were also common for chum salmon. Other

frequently encountered food items included epibenthic amphipods and ostracods

and planktonic decapod zoea, Daphia spp., copepod nauplii, and fish larvae.

Frequencies of amphipods and ostracods were higher in stomachs of chum salmon

than in those of pink salmon. For pink salmon, 88 percent of the stomachs

contained epibenthic prey, 79 percent contained planktonic prey, and 67 per-

cent contained both. For chum salmon, 86 percent contained epibenthic prey,
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93 percent contained planktonic prey, and 96 percent contained both. There

were no appreciable differences in frequencies between harbor and nonharbor

sk.tions, but a more diverso array of food items was present in samples from

nonherbor stations (see Appendix B).

Predation on Juvenile Salmon

48. In 1986, 33 Juvenile coho salmon, 40 Dolly Varden, 31 sculpin,

8 tomcod (Microgadus proxins), 17 starry flounder, and 10 sockeye salmon (0.

nerka) stomachs from Cliff and Noname stations were analyzed for presence of

pink or chum salmon fry. Of these, Dolly Varden, coho salmon, and sculpin had

eaten fry (Table 4); 20 percent of the Dolly Varden, 9 percent of the coho

salmon, and 6 percent of the sculpin stomachs contained fry. Stomach contents

(other than fry) of sculpin included shrimp and other crustaceans; of Dolly

Varden, included herring and sand lance; and of coho salmon, included

crustaceans.

49. In 1987, 66 sculpin, 90 coho salmon, 121 Dolly Varden, 41 tomcod,

23 herring, and 18 sockeye salmon from Cliff and Noname were analyzed for

presence of fry; 3 percent of the sculpin, 7 percent of the coho salmon,

6 percent of the Dolly Varden, 2 percent of the tomcod, and none of the her-

ring or sockeye salmon contained fry (Table 4). Predators collected from the

second week through the final week of sampling had eaten fry. Only Dolly Var-

den stomachs contained more than one fry per stomach.

Outmigration Timing

50. Overnight fyke-net catches of up to four fry per hour were observed

from early April through early May in 1986. On 5 May, an overnight sample

yielded thousands of Juvenile salmon. This was considered to be the outmigra-

tion peak. After this time, the trap was removed for the rest of the sample

period due to the difficulty in operating it for short periods during heavy

outmigration. The smclt net, however, could easily be left in operation for

short periods during heavy outmigration. After 5 May, smolt-net sampling was

continued for short periods until the end of he sampling period, with catches

of 8 to 19 fry per hour throughout May (Figure 15).
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51. Smolt-net catches of juvenile pink salmon in Salmon Creek were much

higher than catches of chum salmon. Catch per hour ranged from 4.3 to

47.3 pink salmon per hour between 20 April and 5 May 1987, with the peak catch

occurring on 5 May (Figure 15). Chum salmon catches ranged from 0.3 to

2.3 fish per hour for the same period, with the peak catch occurring on

20 April, Water levels in Salmon Creek rose rapidly after early May. The

smolt net did not operate as efficiently then because of clogging with debris

and gravel, and it was removed. Outmigration may have continued for a longer

period than repor ad here.

52. Juvenile chum salmon from Salmon Creek samples averaged 39.0 mm in

total length with a range of 35 to 42 mm (N - 25). Juvenile pink salmon aver-

aged 32.0 -a with a range of 29 to 34 mm (N - 60).

53. Overnight minnow trapping in Spring Creek and Bear Creek yielded

pink and chum salmon fry in late and mid-May 1986. Juvenile salmon catches

per trap night by stream were 0.25 and 1.00. Stomachs of juvenile Dolly Var-

den captured in minnou traps in Salmon Creek and Spring Creek also yielded

salmon fry.

Determination of Estuarine Residence Time

54. Plankton tows in the experimental pond yielded extremely abundant

quantities of a copepod, Acartia cZausi, and diatoms. Of the 20 pink and

5 chum salmon fry introduced into the pond for preliminary evaluation of sur-

vival, 18 pink and 4 chum salmon remained alive and in good condition after

I week. Since an adequate food supply appeared to be available and conditions

seemed suitable for fry survival, the experimental pond was used for rearing

known-age fry.

Frequency of increment formation

55. Salmon fry from the freshwater sampling station in Salmon Creek did

not show daily growth increments and were assumed to be zero-age fish. The

zone from the major nuclei to the otolith periphery, representing freshwater

preemergence growth, was amorphous in these fish (Figure 16).

56. For the known-age pink salmon reared in the experimental pond,

growth increments beyond the saltwater transfer check were of regular, consis-

tent intensity, and the number corresponded closely to the number of days in

the pond for 6- and 13-day-old fish. This indicated that saltwater growth
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increments were deposited daily for the first 13 days (Figure 17). There-

after, more increments than days in the pond were present, and the increments

were of more variable intensity (Figure 18). The fish apparently began to

deposit subdaily increments between day 13 and day 20.

57. For otoliths taken from Resurrection Bay salmon fry samples, the

mean radius (in micrometres) from the major nuclei to the beginning of con-

sistent increment formation (pink: 8.5, chum: 10.5) differed little from the

mean radius from the major nuclei to the otolith periphery for the Salmon

Creek fry (pink: 8.6, chum: 10.7). This confirmed the interpretation of the

dark check at initial increment formation as a transfer check, indicating

entrance to salt water.

58. Increments deposited by Resurrection Bay fish were regular rings of

very similar intensity (Figure 19). As with the pond fish, the first Incre-

ment past the amorphous zone was assumed to have been laid dow on the first

day postemergence. On the basis of the consistent intensit:y of increments of

the wild fish and the agreement between increment count and age in the pond-

reared fish for increments of consistent intensity (to day 13), the investiga-

tors concluded that growth increments were daily in both wild pink and wild

chum salmon.

Estimated ages of fish
rearing in Resurrection Bay

59. Pink salmon moved rapidly through Resurrection Bay. Most fish

examined lacked daily growth increments, and very few fish older than 7 days

were observed. in contrast, many juvenile chum salmon remained in the Bay for

substantially longer periods (Figure 20). The mean age of pink salmon fry

(all stations combined) was 0.7 days (range - 0 to 18 days, N - 98 fish) and

for chum salmr, "ns 11.8 days (range - 0 to 51 days, N - 203 fish). Pink sal-

mon had the 1 & at residence times at Noname (mean - 1.7 days, N = 25) and

the shortest residence times at Greenhouse, North, and Cliff (mean , zero

days, N - 11, 4, and 18, respectively). Chum salmon had the longest residence

times at Houseboat (mean - 20.6 days, N - 58) and the shortest at North (mean

- 5.6 days, N - 20). Age and length data for all aged salmon fry are pre-

sented in Appendix C.
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Physical and Water Quality Parameters

60. The primary value of the physical data will be for preconstruction

and postconstruction comparisons. Appendix D contains all raw physical data.
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PART V: DISCUSSION

Summary

61. The lower catch of pink salmon fry in 1987 compared with 1986 prob-

ably reflected poor overwintering survival and the occurrence of an extreme

autum flood in 1986, as parent escapements into Salmon Creek were much higher

in 1986 (8.3 thousand) than in 1985 (2.1 thousand)(Alaska Department of Fish

and Game 1987). High floods are known to especially affect survival of pink

salmon eggs, as they are not deposited as deeply as those of other salmon spe-

cies (Morrow 1980).

62. Fry were most abundant in seine haul catches during the last week

in April and the first 3 weeks in May. Because catches of pink salmon rose

and fell abruptly and those of chum salmon, more gradually, temporal analysis

alone indicated that pink salmcu were -,sing the study area as a migration

corridor, whereas chum salmon, were remaining longer and using it as a nursery

or rearing area. These use patterns are similar to those descrIbed for these

species in southeast Alaska (Cooney et al. 1978), Puget Sound (Levy, North-

cote, and Birch 1979), and the Fraser River estuary (Healey 1982).

63. Pink salmon fry have been known to invade estuaries on high tides

and leave on the first of ebb tides (Levy, Northcote, and Birch 1979). In

contrast, chum salmon have been reported to retreat into tidal creeks during

low tide (Mason 1974, Healey 1982). Tidal fluctuations in Resurrection Bay,

though greater in magnitude than those elsewhere which affect fry distribution

(Healey 1982), appeared to have little significant influence on the nearshore

distribution of salmon fry in the study area.

64. Although not significantly different, catches of fry at harbor sta-

tions were often greater than those at nonharbor stations. Several orienta-

tion and substrate characteristics of the two harbor stations make them

favorable habitat for salmon fry. Noname is located adjacent to a braid of

the Resurrection River, and Cliff is in the direct path of southeasterly

freshwater outflow from the outlet of the river. Because of location and

shoreline configuration, these areas probably receive outmigrating salmon fry

at a higher frequency than the other stations sampled. In addition, Noname

(at high tide) is protected by a promontory to the west and by the mainland

shoreline to the east, forming a sheltered, low-current cove. Noname provided
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the moot sheltered habitat of all the stations. Although composed primarily

of silt and sand, substrates at Noname and Cliff also supported beds of eel-

grass and sea lettuce not present at the other stations. This vegetation was

not obvious early in the sampling period, but became quite dense by mid-May.

Salmon fry are known to prefer quiet water with cover-protecting vegetation

(Meyer 1979).

65. Predator catches were significantly higher at harbor stations than

at nonharbor stations in 1987. Predators may have preferred these areas for

some of the same reasons as salmon fry (protective cover) or may have been

attracted to the concentrations of salmon fry there as a food source. In

addition, outmigrating coho salmon from the Resurrection River (from Alaska

Department of Fish and Game fingerling plants) probably pass through the har-

bor area at a higher frequency than the nonharbor areas. Peak catches of

predators corresponded to peak catches of coho salmon and occurred during mid-

June in 1986 and early June in 1987. Coho salmon outmigration (from finger-

ling plants into Bear Lake) usually peaks in mid-June, which was the probable

source of the 1986 peak. Coho salmon smolts were also released into Resurrec-

tion Bay in late May during both years (more released in 1987 than in 1986)

(Vincent-Lang, Bernard, and McBride 1988), which probably resulted in the 1987

peak. Fingerling plants and smolt releases are being increased annually;

and as 7 to 9 percent of the coho salmon examined contained pink or chum sal-

mon fry, this could represent a potential impact on fry survival. Coho salmon

have been known to have a significant effect on salmon fry survival (Parker

1971, Hargreaves and LeBrasseur 1985).

66. Herring and tomcod are known to be predators of pink and chum sal-

mon fry in southeast Alaska (Thorsteinson 1962), but did not appear to be

feeding actively on fry in this study. However, herring were intermittently

present in huge quantities at Cliff and Lrwell Point, and relatively few were

examined. Herring predation may have occurred at a higher rate than detected

here.

67. The epibenthic food preferences of pink and chum salmon, well docu-

mented elsewhere (Kaczynski et al. 1973, Healey 1979, Godin 1981, Simenstad

and Salo 1982), were not apparent in Resurrection Bay. However, very few

stomachs, collected over a narrow time span, were analyzed in this study.

68. Further effort to determine the offshore distribution and abundance

of salmon fry was not undertaken because of the secondary nature of this
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objective (inshore distribution and abundance studies were considered higher

priority). The tow net used in this study is efficient gear for capturing

sockeye salmon fry in lakes (Flagg et al. 1987). As reported elsewhere (Tyler

1966), a larger net and greater coverage of the bay would have likely produced

better results. However, fry may have moved quickly from nearshore areas out

of Resurrection Bay.

69. Many previous studies documenting daily growth increments in sag-

ittae of juvenile salmonids have used hatchery fish or fish reared in spawning

channels, so the true age of the fish examined was known with a high degree of

accuracy (Wilson and Larkin 1980; Marshall and Parker 1982; Neilson and Geen

1982, 1984; Volk et al. 1984). Confirmation of daily growth increments has

yet to be done with certainty in wild juvenile salmonids, although Neilson,

Geen, and Bottom (1985) sampled juvenile chinook salmon (0. tshawytacza) in

Oregon and inferred daily growth increments from indirect evidence.

70. The growth increments shown by the pond-reared pink salmon closely

matched their time in the pond for the first 13 days of residence. There-

after, increment count exceeded true age in days (Figure 17). This type of

subdaily growth increment deposition has been shown for chinook salmon juve-

niles fed liberally four times a day (Neilson and Geen 1982). For the first

10 days in Neilson and Geen's study, growth increments matched true age, but

shifted into a subdaily pattern as the experiment progressed. During their

study, fish that fed once a day deposited an average of one growth increment

every 24 hr. The increased increment deposition of the fish fed four times

daily was not reflected by increased length, as the two feeding groups showed

no significant differences in length.

71. By contrast, pond-reared pink salmon showed increased lengths over

their similar-age counterparts sampled from Resurrection Bay (pond pink salmon

20 days old, mean - 53.6 mm; Resurrection Bay pink salmon 18 days old, mean =

43 mm). These growth differences were also evident in chum salmon (pond-

reared chum salmon 34 days old, mean = 78.0 mm; Resurrection Bay chum salmon

34 and 35 days old, mean - 52.8 mm).

72. The experimental pond is an artificially productive rearing envi-

ronment, because it receives nutrient-rich water from 73-m depth in Resurrec-

tion Bay (Paul, Hood, and Neve 1976). The high abundance of diatoms and

copepods present in this system apparently provided a nearly unlimited food

supply for the juvenile salmonids throughout their residence in the pond. The
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very rapid growth of the young salmon was accompanied by subdaily g8owth

increment formation on the otoliths after day 13 in the pond.

73. The investigators believe that the increments on otoliths of fish

taken from Resurrection Bay were deposited in a daily sequence. The present

study has four lines of evidence indicating that daily growth increments occur

in wild pink and chu% salmon:

a. The length of the radius from the major nuclei to the transfer
or saltwater entry check in the pond-reared pink salmon was
nearly identical to the length of the radius from the major
nuclei to the otolith edge of the Salmon Creek pink salmon (the
zone of preemergent freshwater growth), indicating that the
check was deposited on the first day of saltwater (pond) resi-
dence, probably within 1 day of emerging from the gravel.

b. The radius through the freshwater growth zone of both pink and
chum salmon from Salmon Creek was about the same distance as
the onset of distinct and consistent growth increments found in
the wild pink and chum juveniles from Resurrection Bay, indi-
caring that the onset of distinct and consistent growth incre-
ments for naturally rearing fish also occurred on the first day
of saltwater residence in Resurrection Bay.

c. Growth increments in pink salmon placed in the pond closely
matched residence time for the first 13 days of residence.
Growth increments after 13 days were visually distinct from the
earlier, daily increments; later increments were not of uniform
intensity.

d. Growth increments in salmon from Resurrection Bay matched the
even spacing and uniform intensity of the pond-reared fish dur-
ing the first 13 days.

74. The freshwater growth zone can be generally characterized as an

amorphous region of the ground otolith, lacking uniform Incremental growth but

including patches of inconsistent ring patterns of variable intensity. The

freshwater zone contrasts strongly with the regular pattern of incremental

growth shown in the juvenile salmon taken from Resurrection Bay or reared in

the experimental pond.

75. Increment counts could be biased. Imprecise grinding can remove

outer increments if the otolith is ground too deeply. Also, the edges are

occasionally almost translucent, preventing detection of increments that may

exist. Contrarily, edges are sometimee darker near the glue-otolith edge

interface, potentially masking existing increments. These factors can bias

increment count in the direction of underestimating age. The study indicates

that this edge effect may cause an underestimate of I to 3 days and should be

recognized when inferring age in these samples based on increment count.
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76. In summary, a case has been made for the deposition of daily growth

increments in the otoliths of wild pink and chum salmon juveniles. The most

important factor supporting the inference that the increments in Resurrection

Bay pink and chum salmon reflect daily growth was the appearance of a distinct

regular pattern of incremental growth, similar to that formed in pond-reared

fish for the first 13 days of pond residence. A subdaily pattern of incremen-

tal growth has been shown for pond-reared pink salmon greater than 13 days

old. The irregular subdaily pattern of light and dark rings after 13 days in

the pond was not present on the otoliths of fish from Resurrection Bay.

Conclusions

77. During outmigration, pink and chum salmon fry and their predators

were often relatively more abundant in the vicinity of the proposed project

site than at other areas sampled in upper Resurrection Bay.

78. Tidal fluctuations had little influience in the general nearshore

distribution of pink and chum salmon fry and their predators in upper Resur-

rection Bay.

79. Juvenile pink and chum salmon appeared equally dependent on epiben-

thic and planktonic food resources during early May in upper Resurrection Bay.

80. Of the three fish groups shown to eat fry (Dolly Varden, coho sal-

mon juveniles, and sculpin), Dolly Varden ate the most Juvenile pink and chum

salmon.

81. Peak outmigration for Juvenile pink and chum salmon occurred during

the first week of May in upper Resurrection Bay.

82. Increment formation on pink and chum salmon otoliths apparently

began ,tith saltwater entry, and increments were deposited one a day.

83. Pink salmon fry moved rapidly through upper Resurrection Bay, using

it as a migration cortidor for only several days, while chum salmon remained

in the area for up to I month.

84. A subdaily pattern of incremental growth was observed for pink sal-

mon fry experimentally reared under optimal prey ration conditions. The sub-

daily pattern began after 13 days of pond residence and was distinct from the

increment patterns of fish taken from Resurrection Bay.

28



REFERENCES

Alaska Department of Fish and Game. 1987. "Lower Cook Inlet Area Annual Fin-
fish Management Report, 1987," Division of Commercial Fisheries, Homer, AK.

Bailey, J. E. 1969. "Alaska's Fishery Resources--the Pink Salmon," Fishery
Leaflet No. 619, US Fish and Wildlife Service, Bureau of Commercial Fisheries,
Washington, DC.

Bailey, J. E., Wing, B. L., and Mattson, C. R. 1975. "Zooplankton Abundance
and Feeding Habits of Fry of Pink Salmon, Cncorhynchus go'buscha, and Chum
Salmon, 0. K ta, in Traitors Cove, Alaska, with Speculations in the Carrying
Capacity of the Area," Fishery Bulletin, Vol 73, No. 4, pp 846-861.

Bax, N. J., and Whitmus, C. J. 1981. "Early Marine Survival and Migratory
Behavior of Juvenile Chum Salmon Released from the Enetai Hatchery, Washington
in 1980," FRI-UW-8109, Fisheries Research Institute, University of Washington,
Seattle, WA.

Buklis, L. S., and Barton, L. H. 1984, "Yukon River Fall Chum Salmon Bio-
logy and Stock Status," Informational Leaflet No. 239, Alaska Department of
Fish and Game, Division of Commercial Fisheries, Anchorage, AK.

Campana, S. E., and Neilson, J. D. 1985, "Microstructure of Fish Otoliths,"
Canadian Journal of Fisheries and Aquatic Science, Vol 42, pp 1014-1032.

Cooney, R. T., Urquhart, D., Nevk, R., Hilsinger, J., Clasby, R., and
Barnard, D. 1978. "Some Aspects of the Carrying Capacity of Prince William
Sound, Alaska, for Hatchery Released Pink and Chum Salmon Fry," Sea Grant
Report 78-4, Institute of Marine Science, University of Alaska, Fairbanks, AK.

Flagg, L. B., Gray, G. A., Koenings, J. P., and Tarbox, K. E. 1987. "Summary
of Sockeye Investigations in Tustumena Lake, 1981-1986," Progress Report
No. 5, Alaska Department of Fish and Game, Soldotna, AK.

Godin, J. G. J. 1981. "Daily Patterns of Feeding Behavior, Daily Rations,
and Diets of Juvenile Pink Salmon (Oncorhynchus go'buscha) in Two Marine Bays
of British Columbia," Canadian Journal of Fisheries and Aquatic Science,
Vol 38, pp 10-15.

Hargreaves, N. B., and LeBrasseur, R. J. 1985. "Species Selective Predation
on Juvenile Pink (Oncorhynchuo gorbuscha) and Chum Salmon (0. keta) by Coho
Salmon (0. kisutch)," Canadian Journal of Fisheries and Aquatic Science,
Vol 42, pp 659-668.

Healey, M. C. 1979. "Detritus and Juvenile Salmon Production in the Nanaimo
Estuary: I. Production and Feeding Rates of Juvenile Chum Salmon
(Oncorhynchus kota)," Journal of the Fisheries Research Board of Canada,
Vol 36, pp 488-496.

• 1982. "Juvenile Pacific Salmon in Estuaries: The Life Support
System," in V. S. Kennedy, ed., Estuarine Comparisons, Academic Press, New
York, pp 315-341.

Heggie, D. T., Boisseau, D. W., and Burrell, D. C. 1977. "Hydrography,
Nutrient Chemistry and Primary Productivity of Resurrection Bay, Alaska,
1972-75," Institute of Marine Science Report R77-2, Alaska Sea Grant
Report 77-9, University of Alaska, Fairbanks, AK.

29



Hiss, J. M., and Boomer, R. S. 1986. "Feeding Ecology of Juvenile Pacific
Salmonids in Estuaries: A Review of Recent Literature," US Fish and Wildlife
Service, Fisheries Assistance Office, Olympia, WA.

Hoar, W. S. 1956. "The Behavior of Migrating Pink and Chum Salmon Fry,"

Journal of the Fisheries Research Board of Canada, Vol 13, No. 3, pp 309-325.

Kaczynski, V. W., Feller, R. J., Clayton, J., and Gerke, R. J. 1973.
"Trophic Analysis of Juvenile Pink and Chum Salmon (Oicohlynchzu gorbuacha and
keta) in Puget Sound," Journal of the Fisheries Research Board of Canada,
Vol 30, pp 1003-1007.

Kirkwood, J. B. 1962. "Inshore Marine and Freshwater Life History of the
Pink Salmon, Oncorhynchus gorbuacha (Walbaum), and the Chum Salmon 0. kota
(Wolbaum), in Prince William Sound, Alaska," Ph.D. Thesis, University of
Louisville, Louisville, KY.

LeBrasseur, R. J., and Parker, R. R. 1964. "Growth Rate of Central British
Columbia Pink Salmon," Journal of the Fisheries Research Board of Canada,
Vol 21, pp 1101-1128.

Levy, D. A., Northcote, T. G., and Birch, G. J. 1979. "Juvenile Salmon Util-
ization of Tidal Channels in the Fraser River Estuary, British Columbia,$
Technical Report 23, University of British Columbia, Westwater Research
Centre, Vancouver, BC.

Marshall, S. L., and Parker, S. S. 1982. "Pattern Identification in the
Micro-Structure of Sockeye Salmon (Oncorhynchun nouka) Otoliths," Canadian
Journal of Fisheries and Aquatic Sciences, Vol 39, pp 542-547.

Mason, J. C. 1974. "Behavioral Ecology of Chum Salmon Fry (Onoorynchus
kot4) in a Small Estuary," Journal of the Fisheries Research Board of Canada,
Vol 31, pp 83-92.

McInerney, J. E. 1964. "Salinity Preference: An Orientation Mechanism in
Salmon Migration," Journal of the Fisheries Research Board of Canada, Vol 21,
No. 5, pp 995-1018.

Meyer, J. It. 1979. "A Rkiew of the Literature on the Value of Estuarine and
Shoreline Areas to Juvenile Salmonids in Puget Sound, Washington," US Fish and
Wildlife Service, Fisheries Assistance Office, Olympia, WA.

Morrow, J. E. 1980. "The Freshwater Fishes of Alaska," Alaska Northwest Pub-
lishing Company, Anchorage, AK.

Neave, F. 1955. "Notes on the Seaward Migration of Pink and Chum Salmon
Fry," Journal of the Fisheries Research Board of Canada, Vol 12, No. 3,
pp 369-374.

. 1966. "Chum Salmon in British Columbia," International North
Pacific Fisheries Commission Bulletin 18, Vancouver, Canada.

Neilson, J. D., and Geen, G. H. 1982. "Otoliths of Chinook Salmon
(Oncorhynchuo tshawytscha): Daily Growth Increments and Factors Influencing
Their Production," Canadian Journal of Fisheries and Aquatic Sciences, Vol 39,
pp 1340-1347.

• 1984. "Effects of Feeding Regimes and Diel Temperature Cycles on
Otolith Increment Formation in Juvenile Chinook Salmon, Oncorhynchus
tshawytocha," US Fishery Bulletin, Vol 83, pp 91-101.

30



Neilon, J. D., Geen, G. H., and Bottom, D. 1985. "Estuarine Growth of
Juvenile Chinook Salmon (Oncorhynchuo tahapytscha) as Inferred from Otolith
Microstructure," Canadian Journal of Fisheries and Aquatic Science, Vol 42,
pp 399-908.

Parker, R. R. 1968. "Marine Mortality Schedules of Pink Salmon of the Belli
Coula River, Central British Columbia," Journal of the Fisheries Research
BoarO of Cunada, Vol 25, No. 4, pp 757-794.

. . 1971. "Size Selective Predation Among Juvenile Salmonid Fish%
in > ~tih Columbia Inlet," Journal of the Fisheries Research Board of
Ctr .dq, 7o %H, pp 1503-1510.

Paul A. J,, Hood, D. W., and Nevi, R. A. 1976. "A Note on Rearing Juvenile
Chu%, S.mon. 0:: .)Ayzhua keta, in an Artificial Upwelling System," Aquacul*
ture, Vol 9, pp 387-390.

Rogerr. 0. .., and aunr, . . 1967. "Nushagak District Salmon Studies."
in J. R. Hatchas and F. B. 1,.,h, ed., Research in Fisheries--1967, Contribu-
tion I'. 280, Cullege of Fibhei-s, Fisheries Research Institute, University
of Washngt.n, Seattle, WA.

Sherida,,, W. L. 1962. "Relation of Stream Temperatures to Timing of Pink
Salmon rscape::an-at Southeast Alaska," in It. R. McMillan, ed., Lectures in
Fisheriev. Symposiu o Pin 5amol , UniversiLy of British Columbia, Van-
couver, WA. pp 87-1041

Simenstad, c. A. 1M8O. "Trophic Relationships of Outmigrating Chum and Pink
Fry, 1977-1979," in C. A, Siownis:ad, W. J. Kinney, S. S. Parker, E. 0. Salo,
J. R. Cordell, and H. Buechnt, ed., Prey.Couunity Structure and Trophic
Ecology of Outmigrating J .^itnile Chum and Pink Salmon in Hood Canal, Washing-
ton: A Synthesis of Three Years' Studies, 1977-79, Fisheries Institute Report
No. FRI-UW-8026, Collcge of Fisheries, University of Washington, Seattle, WA,
pp 103-139.
Simenstad, C. A., and Salo, E. 0. 1982. "Foraging Success as a Determinant

of Estuarine and Nearshore Carrying Capacity of Juvenile Chum Salmon
(Oneorh1ichus kata) in flood Canal, Washington," in B. R. Melteff and
R. A. Nev&, ed., Proceedings of the North PacificAguaculture Symposium, 1980,
Anchorage, AK, and Newport, OR, Alaska Sea Grant Report 82-2, University of
Alaska, Fairbanks, AK, pp 21-37.

Simenstad, C. A., Fresh, K. L., and Salo, E. 0. 1982. 'The Role of Puget
Sound and Washington Coastal Estuaries in the Life History of Pacific Salmon:
An Unappreciated Function," in V. S. Kennedy, ed., Estuarine Comparisons, Aca-
demic Press, New York, pp 343-364.

Thorsteinson, F. V. 1962. "Herring Predation on Pink Salmon Fry in a South-
eastern Alaska Estuary," Transactions of the American Fisheries Society,
Vol 91, No. 3, pp 321-323.

Tyler, R. W. 1966. "Use of the Tow Net in Forcasting Runs of Pink Salmon to
Kodiak Island, Alaska," in W. L. Sheridan, ed., Proceedings of the 1966 North-
east Pacific Pink Salmon Workshop, Alaska Department of Fish and Game, Junecu,
AK.

31



Vincent-Lang, D., Bernard, D., and McBride, D. N. 1988. "Evaluation of Past
Enhancement of Coho, Chinook, and Sockeye Salmon Stocks of Bear Lake and
Resurrection Bay, Alaska, with Recommendations for the Future," Alaska Depart-
ment of Fish and Game Fishery Manuscript Series No. 6, Division of Sport Fish,
Juneau, AK.

Volk, E. C., Wissmar, R. C., Simenstad, C. A., and Eggers, D. M. 1984.
"Relationship Between Otolith Microstructure and the Growth of Juvenile Chum

Salmon (Oncoorh nohu8 keta) Under Different Prey Rations," Canadian Journal of
Fisheries and Aquatic Sciences, Vol 41, pp 126-133.

VTN Oregon, Inc. 1981. "Distribution, Abundance, and Food Habits of Juvenile
Salmon at the Heads of Boca de Quadra and Wilson Arm/Smeaton Bay During 1981,"
Quartz Hill Molybdenum Project, Southeast Alaska, prepared for United States
Borax and Chemical Corporation and Pacific Coast Molybdenum Company.

Wilson, K. H., and Larkin, P. A. 1980. "Daily Growth Rings in the Otoliths
of Juvenile Sockeye Salmon (Oncorhynchua n rka)," Canadian Journal of Fish-
cries and Aquatic Sciences, Vol 37, pp 1495-1498.

Windell, J. T., and Bowen, S. It. 1978. "Methods for Study of Fish Diets
Based on Analysis of Stomach Contents," in T. Bagenal, ed., Methods for the
Assessment of Fish Production in Fresh Waters, Blackwell Scientific Publica-
tions, Oxford, pp 219-226.

32



Table 1

Pink Salmon Escapement and Pink and Chur. Salmon Comercial

Harvest in Resurrection Bay, A]aaka, 1978-1987

Pink Salmon Comercial Catch*

Year Escapement* Pink Salmon Chum Salmon

1978 26.1 29.7 0.1

1979 -- 0 0

1980 40.7 155.8 0.7

1981 2.7 32.6 2.4

1982 51.9 137.4 7.7

1983 13.6 27.1 6.9

1984 46.5 125.5 3.9

1985 74.7 74.6 3.0

1986 40.7 36.5 3.5

1987 11.6 11.8 13.9

10 'ear Avg. 34.2 63,1 4.2

From Alaska Department of Fish and Game (1987).
* Numbers are in thousands.



Table 2

Species List of Fishes Captured in Seine Hauls in

Resurrection Bay. Alaska, During 1986 and 1987

Scientific Name Common Name

Anwovdytes he zp toru Pacific sand lance

Ctupa haronqua palZasi Pacific herring

Teptocottua arwtus Pacific staghorn sculpin

Myoxocepha~Zus polyacmithocaphalus Great sculpin

Miorogadus pk'oximo Pacific toacod

Gas ter08tou8 aculeatus Threespine stickleback.

Hfozgrwriis dacagr==srm~ Kelp greenling

Ooera spp. Smelt

Thaleichthyo pacificuo Eulachon

Pholis lcata Crescent gunnel

Hlippo gloavoides etaccodon Flathead sole

Lepidopoettz bi7~insata Rock sole

PtatichthyB ateflatus Starry flounder

Oncorhynchus goirbuocha Pink salmon
Oncorhynchus kotez Chum salmon

Untcorhynchua kisutch Coho salmon

Orncorhynchus nerka Sockeye salmon

Oncorhynchus tohawytacha Kink salmon

Salvelinus maim Dolly Varden

Anoparchus purpurcocna High cockscomb

Syn gnat hus Ieptorhyncius Bay pipefish



Table 3

Results from T-Tests Testing Catch Differences Between Tide

Stages and Harbor Versus Nonharbor Stations

Meati Catch Per Seine Haul
Low High Harbor Nonharbor

Fish Group Tide Tide P Stations Stations P

1986

Fry

Pink 6.0 7.5 0.740 13.7 3.4 0.117

Chum 1.7 3.2 0.265 2.8 2.2 0.672

Fry Total 7.7 10.7 0.536 16.5 5.7 0.113

Predators

Coho 0.7 1.5 0.062 1.5 0.9 0.328

Sculpin $pp. 1.5 1.2 0.507 1.0 1.4 0.326

Dolly Varden 1.5 2.0 0.604 1.8 1.8 0.985

Predator Total 3.4 5.0 0.162 4.3 4.1 0.896

1987

Fry

Pink 0.4 0.8 0.470 1.1 0.6 0.590

Chum 1.4 1.9 0.590 3.9 .9 0.103*

Fry Total 1.7 2.6 0.430 4.9 2.5 0.159

Predators

Coho 3.1 4.6 0.360 8.7 2.1 0.004**

Sculpin spp. 3.6 0.6 0.001** 5.1 1.0 0.005**

Dolly Varden 2.4 3.5 0.360 1.7 3.2 0.119

Predator Total 9.0 8.7 0.881 15.5 6.1 0.001**

* Significant at 0.05 level.
** Significant at 0.01 level.



Table 4

Number, Percentage, and Fork Length of Predators from

Noname and Cliff Seine Hauls Containing Fry,

1986 and 1987

Length 1: Length Range
Predator No. Range w/Fry Hean No. w/Fry
Species Examined am x Per Stomich mm

1986

Sculpin spp. 31 60-190 2 (6Z) 1.0 75-85

Coho salmon 33 60-120 3 (9%) 1.0 90-100

Dolly Varden 40 110-130 8 (20%) 5.4 115-490

Sockeye 10 70-130 0 0

Herring 0

Tocod 8 100-200 0 0

Starry flounder 17 90-145 0 0

1987

Sculpin spp. 66 95-145 2 (3%) 1.0 66

Coho salmon 90 60-150 7 (7%) 1.0 75-125

Dolly Varden 121 70-265 7 (6%) 1.6 110-130

Sockeye 18 65-155 0 0

Herring 23 95-160 0 0

Tomcod 41 108-240 1 (2%) 1.0 150

Starry flounder 0
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a. Proposed harbor location, lower right, looking north
at. low tide. Nash Road is at middle right; braids of
Resurrection River mouth are it center. North, Noname,

and Cliff ..-e visible

b. Lowell Point, looking south down Resurrection Bay

Figure 3. Proposed harbor site and estuarine seine sampling

stations, Resurrection Bay, Alaska, 1986 and 1987
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c. Greenhouse, looking northwest along incoming tide
toward Seward outskirts and upper Resurrection River

d. North, looking southwest at low tide

Figure 3. (Sheet 2 of 4)



e. Noname, looking west along shoreline, toward Seward
and the east side of the promontory that flanks

Resurrection River mouth

f. Cliff, looking south down Resurrection Bay

Figure 3. (Sheet 3 of 4)



g. Houseboat, looking north at low tide toward proposed

harbor area

Figure 3. (Sheet 4 of 4)
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Figure 4. Ground otolith showing (a) major nuclei, (b) dorsal lobe,
(c) principal radius, 135 deg from longitudinal axis of otolith
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Figure 9. Percentage catch per seine haul of combined pink and
chum salmon fry by station, all dates and tide stages combined,

Resurrection Bay, Alaska, 1986 and 1987
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stages combined, Resurrection Bay, Alaska, 1986 and 1987
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Figure 16. Ground otolith of a chum salmon fry from Salmon Creek
showing the amorphous zone (a)
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Figure 17. Otolith increment periodicity for known-age pink salmon
reared in an experimental pond, plotted against residence time

(true age)



Figure 18. Ground otolith of a 20-day-old, pond-reared pink

salmon: (1) saltwater transfer check, (2) zone of daily
growth increments of consistent intensity to day 13, (3) zone

of subdaily growth increments of variable intensity
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Figure 19. Ground otolith of Resurrection Bay chum salmon:
(a) amorphous zone and (b) zone of daily growth increments
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APPENDIX B: PERCENTAGE OF SALMON FRY WITHI PLANKTONIC AND
EPIRENTIIIC PREY

BI



Percentage of Salmon Fry with Planktonic and Epibenthic Prey*

Pink Chum
Harbor Harbor
Sta- Nonharbor All Sta- Nonharbor All

Prey Grouping tLions Stations Stations tions Stations Stations

Ephibenthic
Harpacticoid
copepods 100 73 83 66 82 79

Amphipods 11 0 4 50 18 25
Ostracods 0 6 4 33 18 21
3ravel 0 0 8 17 5 7
Cumacea 0 0 0 0 '8 14

Total X with
epibenthic prey 100 80 88 100 82 86

Planktonic
Calanoid copepods 66 66 66 83 50 57
Dipterans 22 13 17 100 100 100
Decapod zoea 0 40 25 0 18 14
Daphnia spp. 0 6 4 0 5 4

Nauplii 0 13 8 0 18 14
Fish larvae 0 0 0 0 5 4

Total Z with
planktonic prey 77 80 79 100 91 93

Total % with both
epibenthic and
planktonic prey 77 60 67 100 95 96

* No. of fish examined: Harbor stations, 9; nonharbor stations, 15; all
stations, 24; harbor stations, 6; nonharbor, 22; and all stations 28.
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APPENDIX C: AGE AND LENGTH DATA FOR SALMON FRY

Cl



Table Cl

Mean Saltwater Ages (Inferred from Otolith Analysis) and Lengths

of Juvenile Pink Salmon Reared in an Experimental Saltwater

Pond, Alaska, 1987

No. Days Age, days Length, mm

Week in Pond Mean SD Mean SD No.

5/13 6 6.0 0.5 38.1 1.7 10

5/20 13 11.9 0.4 45.7 2.7 10

5/27 20 26.5 2.3 53.6 2.0 10

6/4 28 38.1 2.7 59.7 4.2 10

6/10 34* 48.1 3.4 65.2 4.5 IJ

6/17 42 58.3 5.2 77.8 3.7 10

6/23 49 76.7 4.6 85.6 3.2 10

* One chum salmon was collected on this day: age = 34 days, length = 78 mm.
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Table C3

Mean Saltwater Ages (Inferred from Otolith Analysis)

and Lengths of Juvenile Salmon Collected in

Resurrection Bay, all Locations Combined,

Alaska, 1987

Age, Days Length, mm

Week* No. Mean SD No. Mean SD

Pink

4/20-24 7 0.0 0.0 7 33.0 1.6
4/27-30 15 0.0 0.0 15 32.9 1.8
5/4-8 49 0.9 3.2 49 34.2 2.2
5/11-15 8 0.0 0.0 8 34.3 0.7
5/18-22
5/25-29 12 0.2 0.6 12 34.3 1.6
6/1-5 3 2.2 3.8 3 35.7 1.2
6/8-13 2 0.0 0.0 2 34.0 0.0
6/15-19 1 6.0 0.0 1 36.0 0.0
6/22-26 1 7.5 0.0 1 37.0 0.0

All 98 0.7 2.6 98 34.0 2.0

Chum

4/20-24 9 0.5 1.5 9 38.0 1.7
4/27-30 28 2.6 5.2 28 39.1 2.4
5/4-8 64 2.3 6.3 64 39.8 4.8
5/11-15 7 6.4 7.1 7 42.7 7.9
5/18-22 6 6.4 10.0 6 39.8 2.7
5/25-29 16 17.7 9.2 17 44.2 4.0
6/1-5 23 14.2 14.8 24 41.9 6.5

6/8-13 18 21.7 18.2 18 47.5 9.1
6/15-19 18 36.3 10.7 18 54.6 7.1

6/22-26 14 31.6 13.7 14 52.4 6.6

All 203* 11.8 15.5 205* 43.2 7.5

* Otoliths of two fish unusable for age analysis because of crystallization.
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Table C4

Number of Growth Increments, Fork Length, and Saltwater (SW) Entry

Date for Pink Salmon Sampled from Seward Pond*

Fish Date Length Date SW Number of Mean Known
Number Collected mm Entry Increments Age Age

SP 1 5/13 37 5/7 6L 6.0 6
SP 7 5/13 41 5/7 6R, 5L 5.5 6
SP 8 5/13 40 5/7 6L 6.0 6
SP 9 5/13 39 5/7 6R, 6L 6.0 6
SP 10 5/13 38 5/7 6R 6.0 6
SP 71 5/13 36 5/7 6R 6.0 6
SP 72 5/13 36 5/7 6L, 6R 6.0 6
SP 73 5/13 38 5/7 7L, 7R 7.0 6
SP 75 5/13 37 5/7 5L, 5R 5.0 6
SP 76 5/13 39 5/7 6R, 6L 6.0 6

SP 31 5/20 47 5/7 12LO 1IR 11.5 13
SP 32 5/20 44 5/7 13R, 12L 12.5 13
SP 33 5/20 48 5/7 12R, 12L 12.0 13
SP 34 5/20 47 5/7 12R 12.0 13
SP 35 5/20 40 5/7 12L, 12R 12.0 13
SP 36 5/20 47 5/7 12L, 12R 12.0 13
SP 37 5/20 44 5/7 12R, 12L 12.0 13
SP 38 5/20 49 5/7 1IR 11.0 13
SP 39 5/20 47 5/7 12L, fIR 11.5 13
SP 40 5/20 44 5/7 12L, 12R 12.0 13

SP 41 5/27 54 5/7 27R, 27L 27.0 20
SP 42 5/27 53 5/7 24R, 23L 23.5 20
SP 43 5/27 55 5/7 25L, 25R 25.0 20
SP 44 5/27 54 5/7 26L, 26R 26.0 20
SP 45 5/27 50 5/7 23R, 27L 25.0 20
SP 46 5/27 51 5/7 31L 31.0 20
SP 47 5/27 54 5/7 29R, 29L 29.0 20
SP 48 5/27 56 5/7 25L, 26R 25.5 20
SP 49 5/27 56 5/7 23R, 27L 25.0 20
SP 50 5/27 53 5/7 28L, 28R 28.0 20

SP 51 6/4 59 5/7 41L, 42R 41.5 28
SP 52 6/4 58 5/7 37R, 38L 37.5 28
SP 53 6/4 61 5/7 37R 37.0 28
SP 55 6/4 54 l/7 36R 36.0 28
SP 56 6/4 61 5/7 37R, 38L 37.5 28
SP 57 6/4 52 5/7 32L, 36R 34.0 28
SP 58 6/4 62 5/7 38R, 39L 38.5 28

(Continued)

* Counts are for both left (L) and right (R) sagittae.
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Tablt C4 (Concluded)

Fish Date Length Date SW Number of Mean Known
Number Collected _ _ E:rr Increments Age Age

SP 60 6/4 61 5/7 38L, 37R 37.5 28
SP 93 6/4 66 5/7 37R, 38L 37.5 28
SP 96 6/4 63 5/7 43L, 44R 43.5 28

SP 61 6/10 59 5/7 44R, 43L 43.5 34
SP 62 6/10 63 5/7 55L 55.0 34
SP 64 6/10 65 5/7 48R, 49L 48.5 34
SP 66 6/10 71 5/7 49R, 50L 49.5 34
SP 67 6/10 60 5/7 42R, 49L 45.5 34
SP 68 6/10 69 5/7 52R, 48L 50.0 34
SP 69 6/10 60 5/7 52R, 44L 48.0 34
SP 70 6/10 70 5/7 50L 50.0 34
SP 99 6/10 66 5/7 49R, 42L 45.5 34
SP 100 6/10 69 5/7 45L, 45R 45.0 34

SP 21 6/17 82 5/7 53R, 54L 53.5 42
SP 22 6/17 73 5/7 62L 62.0 42
SP 23 6/17 75 5/7 63L 63.0 42
SP 26 6/17 78 5/7 63R 63.0 42
SP 27 6/17 78 5/7 67R 67.0 42
SP 28 6/17 71 5/7 52R, 60L 56.0 42
SP 30 6/17 81 5/7 56L, 47R 51.5 42
SP 107 6/17 79 5/7 57R 57.0 42
SP 108 6/17 79 5/7 53R 53.0 42
SP 109 6/17 82 5/7 57R 57.0 42

SP 11 6/23 89 5/7 81R 81.0 49
SP 12 6/23 87 5/7 82L 82.0 49
SP 13 6/23 83 5/7 80L 80.0 49
SP 15 6/23 89 5/7 73R, 80L 76.5 49
SP 16 6/23 91 5/7 78R, 79L 78.5 49
SP 17 6/23 81 517 70R, 65L 67.5 49
SP 18 6/23 84 5/7 82L, 75R 78.5 49
SP 19 6/23 84 5/7 69R, 74L 71.5 49
SP 20 6/23 85 5/7 73L 73.0 49
SP 114 6/23 83 5/7 78R 78.0 49
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Table C5

Ages Estimated as Counts of Daily Growth Increments and Fork Lengths of

Pink and Chum Salmon from Resurrection Bay*

Fish Date Length Age Sample Mean Standard

Location Number Collected mm Days Date Age Deviation

Pink salmon

Greenhouse G 1 4/28 33 OL 4/28 0
G 2 4/28 31 OL, OR 5/05 0
G 3 4/28 31 OR, OL
G 4 5/05 34 OL, OR
G 5 5/05 37 OR, 01.
G 6 5/05 33 OR, OL
G 7 5/05 34 OR, OL
G 8 5/05 35 OR, OL
G 9 5/05 35 OL, OR
G 10 5/05 32 OL, OR
G 11 5/05 30(l) OR

Noname NN 1 5/05 43 10R, 01L 4/28 0
NN 2 5/05 39 6R, 6L 5/05 2.17 4.93
NN 3 5/05 37 3L, 3R 5/28 0
NN 4 5/05 34 OL, OR
NN 5 5/05 32 OL, OR
NN 6 5/28 35 OL, OR
NN 7 5/28 35 OL, OR
NN 8 4/28 35 OL, OR
NN 9 4/28 34 OL, OR
NN 10 4/28 34 OL, OR
NN 11 6/15 36 6L, 6R
NN 12 5/05 35 OL, OR
NN 13 5/05 35 OL, OR
NN 14 5/05 40 18L, 18R
NN 15 5/05 34 OL, OR
NN 16 5/05 33 OL, OR
NN 17 5/05 34 OL, OR
NN 18 5/05 35 OL, OR
NN 19 5/05 35 OL, OR
NN 20 5/05 32 OL, OR
NN 21 4/28 34 OL, OR
NN 22 4/28 34 OL, OR

(Continued)

* Counts are for both left (L) and right (R) sagittae. When different,
counts for left and right sagittau were averaged in the calculations for
mean age at each date.

(Sheet I of 8)
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Table C5 (Continued)

Fish Date Length Age Sample Mean Standard
Location Number Collected _ _ Days Date A Deviation

Noname NN 23 5/05 34 OL, OR
NN 24 5/05 32 OL, OR
Nkq 25 5/05 33 OL, OR

Houseboat It 1 5/05 34 OR 5/05 0.47 2.00
Ht 2 5/05 32 OR, OL 6/03 3.75 5.30
i 3 5/05 33(1) OL
11 4 6/03 37 OL, OR
H 5 5/05 32 OL
H 6 5/05 34 OL, OR
H 7 5/05 33 OR
I 8 5/05 32 OL, OR
H 9 5/05 34 OL, OR
H 10 5/05 34 OL, OR
H 11 6/23 37 8L, 7R
IH 12 5/05 37 OR, OL
H 13 5/05 34 8L, 9R
H 14 5/05 33 OL, OR
H 15 5/05 33 OL, OR
H 16 5/05 34 OR, OL
H 17 5/05 34 OR, OL
H 18 5/05 35 OR, 01.
H 19 5/05 32 OR, OL
H 20 5/05 33 OR, OL

Cliff C 1 4/20 33 OR, OL 4/20 0
C 2 4/20 33 OR 5/11 0
C 3 4/20 31 OL, OR 5/13 0
C 4 5/11 34 (1) OR 5/27 0
C 5 5/11 33 OL, OR 6/08 0
C 6 5/11 35(1) OR 6/09 0
C 7 5/13 34 OL, OR
C 8 5/27 35 OL, OR
C 9 5/27 36 OL, OR
C 10 6/09 34 OL, OR
C 11 5/11 35 OL, OR
C 12 5/11 34 OR
C 13 5/11 34 OL, OR
C 14 4/20 32 OR, OL
C 15 4/20 36 OL, OR
C 16 4/20 34 OL, OR
C 17 4/20 32 OL, OR
C 18 6/08 34 OR

(Continued)

(Sheet 2 of 8)
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Table C5 (Continued)

Fish Date Length Age Sample Mean Standard
Location Number Collected m Days Date Age Deviation

North N 1 4/27 30 0 4/27 0
N 2 4/28 32 0 4/28 0
N 3 5/06 36 OL, OR 5/06 0
N 4 5/12 35 0 5/12 0

Lowell L 1 4/28 31 OL 4/27 0
Point L 2 4/27 31 OL, OR 4/28 0

1. 3 4/27 36 OL, OR 5/04 0
L 4 5/04 34(l) OR 5/05 0
1, 5 5/04 35 OL, OR 5/05 0
L 6 5/04 33 OL, OR 5/27 1 1.41
L 7 5/04 33 OL OR 6/03 3.25 4.59
L 8 5/04 35 OL, OR
L 9 5/05 34 OL, OR
L 10 4/27 32 OL, OR
L 11 6/03 35 OL, OR
L 12 6/03 35 8L, 5R
L 13 5/27 36 OL, OR
L 14 5/27 36 21,
L 15 4/27 35 OR, OL
L 16 4/27 31 OL, OR
L 17 4/27 34 OL, OR
L 18 4/28 34 OL, OR
L 19 4/28 32 OR, OL
L 20 4/28 33 OR, 01,

Chum salmon

Cl. 1 5/05 41 OR, IL 4/28 0.80 1.62
CL 2 5/05 36 OL 5/04 0
CL 3 5/05 37 OL, OR 5/05 1.05 2.81
CL 4 5/05 39 IL, IR 5/27 14.40 8.76
CL 5 5/05 40 OR, OL 6/03 22.56 11.96
CL 6 4/28 41 OR 6/23 23.50 12.44
CL 7 4/28 39 OR, OL
CL 8 4/28 38 OL, OR
CL 9 4/28 39 2L, 2R
CL 10 4/28 38 OL, 2R
CL 11 6/23 51 21L, 21R
CL 12 6/23 44 9L, lOR
CL 13 6/23 60 44L, 42R
CL 14 6/23 46 18L
CL 15 6/23 53 26L

(Continued)

(Sheet 3 of 8)
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Table C5 (Continued)

Fish Date Length Age Sample Mean Standard
Location Number Collected mm Days Date A Deviation

Lowell CL 16 5/27 45 23R, 23L
Point CL 17 5/27 43 6R, 6L

CL 18 5/27 43 23L
CL 19 5/27 40 5R, 5L
CL 20 6/03 41 12R, 12L
CL 21 6/03 55 48R, 48L
CL 22 6/03 41 17L, 18R
CL 23 6/03 43 24L, 23R
CL 24 6/03 54 25R, 26L
CI, 25 4/28 39 OL, OR
CL 26 4/28 39 OL, OR
CL 27 4/28 36 5L, 5R
CL 28 4/28 37 O., OR
CL 29 4/28 39 0L, OR
CL 30 5/04 40 OL, OR
CL 31 5/04 39 OL, OR
CL 32 5/04 36 OL, OR
CL 33 5/04 38 OL, OR
CL 34 5/04 36 OL
CL 35 5/05 38 OL, OR
CL 36 5/05 37 OR, OL
CL 37 5/05 38 OR, OL
CL 38 5/05 40 OR, OL
CL 39 5/05 37 OL, OR
CL 40 5/27 43 15L, ISR
CLo 41 6/03 50 35R, 331.
CL 42 6/03 40 17R, 16L
CL 43 6/03 48 Crystal
CL 44 6/03 42 13R

Noname CNN 1 4/28 39 OL, OR
CNN 2 4/28 39 OL, OR 4/28 2.30 3.86
CNN 3 4/28 40 5L, 5R 5/05 0.25 0.42
CNN 4 4/28 39 OL, OR 5/28 17.95 9.00
CNN 5 4/28 43 9L, 9R 6/15 10.17 17.61
CNN 6 4/28 36 OL, OR
CNN 7 4/28 37 OL, OR
CNN 8 4/28 39 OL, OR
CNN 9 4/28 38 OL, OR
CNN 10 4/28 41 9L, 9R
CNFI 11 5/28 45 21R, 21L
CNN 12 5/28 48 24R, 23L
CNN 13 5/28 39 3L, 3R
CNN 14 5/28 44 23R, 24L

(Continued)

(Sheet 4 of 8)
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Table C5 (Continued)

Fish Date 1.ength Age Sample Mean Standard
Location Number Collected MM Days Date Age Deviation

Noname CNN 15 5/28 49 23L, 24R
CNN 16 5128 44 16R, 16L
CNN 17 5/28 44 23R, 24L
CNN 18 5/28 42 22L, 22R
CNN 19 5/28 46 24L, 25R
CNN 20 5/28 36 OR, OL
CNN 21 6/15 46 31L, 30R
CNN 22 6/15 40 OL, OR
CNN 23 6/15 39 OL, OR
CNN 24 5/05 40 OR, L
CNN 25 5/05 40 IL, IR
CNN 26 5/05 40 OL, OR
CNN 27 5/05 31 OL, OR
CNN 28 5/05 36 O, OR
CNN 29 5/05 35 IL, IR
CNN 30 5/05 40 OR, OL
CNN 31 5/05 39 OL, OR
CHN 32 5/05 41 OR, OL
CN:N 33 5/05 40 OR, OL

Iouseboat CIH 1 5/04 32 O, OR 5/04 0.29 0.76
CII 2 5/04 40 2R, 21 5/05 7.80 12.79
C11 3 5/04 39 OR, OL 6/03 2.86 5.18
Ci 4 5/04 36 OR, OL 6/09 21.14 18.34
CIi 5 5/04 36 OR, OL 6/15 36.59 10.88
CII 6 5/04 35 OR, OL 6/23 36.06 12.74
CHI 7 5/04, 36 OL
CI 8 6/15 60 40L, 41R
Ci1 9 6/15 55 36R, 35L
CHI 10 6/15 52 30R, 30L
CIi 11 6/15 35 2L, 2R
C11 12 6/15 54 34L, 33R
CII 13 6/15 53 33R, 33L
CHI 14 6/15 62 43R, 43L
CHI 15 6/15 59 47L, 43R
C1 16 6/03 42 13R
Cl1 17 6/03 40 7R, 7L
CH 18 6/03 40 OL, OR
CII 19 6/03 37 OL, OR
CH 20 6/03 38 OL, OR
Ci 21 6/03 37 OL, OR
CHI 22 6/03 40 OL, OR
CH 23 6/23 50 29R, 29L

(Continued)

(Sheet 5 of 8)
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Table C5 (Continued)

Fish Date Length Ago Sample Mean Standard
Location Number Collected mm Days Date Age Deviation

Houseboat Ci 24 6/23 55 50. 51R
C11 25 6/23 60 48L, 48R
CH! 26 6/23 63 6,8R, 491.
CHI 27 6/23 46 24R, 231,
CII 28 6/23 55 36R, 361.
CI 29 6/23 41 31., 12R
C11 30 6/23 57 41R, 42L
C11 31 6/23 53 35R, 35L
CII 32 6/15 57 42R, 431,
C11 33 6/15 62 5L., 49R
C! 34 6/15 52 39R, 391.
C1 35 6/15 56 43R, 441
C11 36 6/15 52 371., 38R
C11 37 6/09 52 371., 37R
CH 38 6/09 54 39R, 36L
C11 39 6/09 51 33R, 34L
C11 40 6/09 39 OR, 01.
CIi 41 6/09 37 51., 5R
CI 42 6/09 39 01., OR
C11 43 6/09 49 351., 35R
CH 44 6/05 37 OL, OR
CI 45 5/05 38 41., 4R
C11 46 5/05 38 IL, IR
CI1 47 5/05 36 01., OR
C11 48 5/05 39 3R, 3L
CII 49 5/05 37 O1., OR
ClH 50 5/05 51 38R, 381.
C11 51 5/05 37 01, OR
CIH 52 5/05 48 23L, 23R
C11 53 5/05 38 9R, 9L
Cl1 54 5/05 36 O1., OR
CHI 55 6/15 61 43R, 431.
CH 56 6/15 45 25L, 25R
C11 57 6/15 60 35R
CI1 58 6/15 61 44L, 44R

Greenhouse OG 1 4/28 39 5R, 5L 4/28 5.25 0.35
OG 2 4/28 41 5R, 6L 5/05 4.58 6.77
OG 3 5/05 44 19R, 18L 6/03 12.75 14.91
OG 4 5/05 43 17L, 17R
OG 5 5/05 38 OR, OL
OG 6 5/05 42 101., IOR
OG 7 5/05 40 O., IR

(Continued)

(Sheet 6 of 8)
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Table C5 (Continued)

Fish Date Length Age Sample Heon Standard
Location Number Collected mm Days Date Age Deviation

OG 8 5/05 41 2L
OG 9 5/05 41 4L, 4R
OG 10 5/05 37 OL, OR
OG 11 5/05 38 OL, OR
OG 12 5/05 39 IL, IR
OG 13 6/03 44 21R, 22L
OG 14 6/03 29 OL, OR
OG 15 6/03 51 35R, 35L
OG 16 5/05 38 OL, OR
OG 17 5/05 40 2R, 2L
OG 18 6/03 40 20R, 20L
OG 19 6/03 30 OL, OR
OG 20 6/03 39 OR, OL

North CN 1 4/27 40 IL, 1R 4/27 6.20 10.70
CN 2 4/27 40 OR 5/06 0.65 1.11
CN 3 4/17 47 24R, 26L 5/12 10.25 7.14
CN 4 41WO 40 5R, 5L 6/03 39.50
CN 5 4/27 39 OR, 01.
CN 6 5/06 39 OR, OL
CN 7 5/06 43 3R. 4L
CN 8 5/06 40 OL., OR
CN 9 5/06 41 IL, 1R
CN 10 5/0E 40 IL, IR
CN 11 5/0. 39 1L, IR
CN 12 5/06 42 OL, OR
CN 13 5/06 40 OL, OR
CN 14 5/06 39 OL, OR
CN 15 5/06 37 OL, OR
CN 16 5/12 40 2L, 2R
CN 17 5/12 42 8R, 81
CN 18 5/12 42 12L, 2R
CN 19 5/12 60 19L, 191
CN 20 5/26 44 Crystal
CN 21 6/03 47 36R, 431,

Cliff CC 1 4/20 38 OL, OR 4/20 0.50 1.50
CC 2 4/20 38 OL, OR 4/27 0
CC 3 4/20 39 OL, OR 5/18 C
CC 4 4/20 37 OL, OR 5/19 19.25 2.47
CC 5 4/20 39 OL, OR 5/27 30.50
CC 6 4/27 34 OL, OR 6/08 40.75 7.63
CC 7 5/18 40 OL, OR 6/09 16.00 14.93

(Continued)
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Table C5 (Coneluded)

Fish Date Length Age Sample Mean Standard
Location Number Collected mm Days Date Age Deviation

CC 8 5/18 38 OL, OR
CC 9 5/18 38 OL, OR
CC 10 5/18 37 OL, OR
CC 11 5/27 55 30L, 31R
CC 12 6/09 43 23R, 23L
CC 13 6/09 39 OL, OR
CC 14 6/09 54 31R, 32L
CC 15 6/09 39 OL, OR
CC 16 6/08 61 42R, 43L
CC 17 6/08 49 30L, 29R
CC 18 6/08 61 46R, 45L
CC 19 6/08 66 45L, 46R
CC 20 5/11 36 (1., OR
CC 21 5/11 41 4L, 3R
CC 22 4/20 37 OL, OR
CC 23 4/20 41 5L 4R
CC 24 4/20 38 OL, OR
CC 25 4/20 35 OL, OR
CC 26 5/11 38 OL, OR
CC 2? 5/19 44 18R, 12L
CC 28 5/19 42 21R, 21L
CC 29 6/09 43 26L, 25R

(Sheet 8 of 8)
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APPEN)IX D: WATER QUALITY DATA
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APPENDIX E: MEAN CATCHES OF FISH (OTHER THAN SALMON FRY)

El



0U) t- 0 0 Un Ifl

.0

to

-a ci ' 0 0 -4

ci -4 N - cl 0 -4S

.544

-H
to 0a C'! cic'0-

ci -4 14 '-0 4 0 00

c0

0 to C! * * *

oC%- 41

0' 1

v-4 r9 (1 - 0 d

-4 00 0 -% 0

a) ' 4 0 0 0l 0: 0 0

0U) 0

Z0 0
'0 V)cCC,1 % 0 r4. C 0 0i (

.00 4) 0
to1 4 0.-4

U
4)

o ,. I 40 N 4 cn 0C 0 0

.0tU) -4 N ' 0to 0~ :21
00

oc
4$1

41~~1 ciW 0 Ci 0 d0
ci 0 C: to

I1 w P. C: 41 * 5

0) I Ci r -4 10 0 0 - - 0 StoU
H EI ci 6 Or4 )4

01 0 t 4 1
W (n M0

o .3



to~ m1 N 00 N~ -4 IA

0A C C! 01 t Ci

N -4 cn 0 0 M~

c 01a cn co

n l -T4 0 -4 - 4
44

4

in %I o 0

o~I . I *!

0

% Ia% 0 -4 N- 0
0 u 0 0 0

H3 n -A 0A -4 0 -4 -4 0
U A 0

N U
.0

4) Ow 0 - 0 C4

-4 0 ol a

.0 -4

W~flI0 IA 0 -

0

w 
C

-. 7.- 0CA 0

0 0

4)00 C) ai 0 0o c

Oo

:3.: C w 4
00 t

cr. c4 in

E4



OO00O0'~-4 N4 0O04Ot -4O

O004' r. 0 0-4 0N 0 rl 4 t- ~Ln (1
c04; 4 A 4 C4 14

tf) O0 0O0O-4C 0% CA CO-4O0-4 0 0Or~ C) .0 n (
90 0 00 0 00 00 00 - 0.I.0 .0 .c ;c ;

O' 0 * 4 * T 4 4 c%4 at m T n 4n T o -4 o a%

>% Gc 4 0 0 4 n C4 * %D i 450 0 nC 4 0

41 0J

r- 0 o00na0-4 0C N 1 OOOONOO-400 0

1Z

00l 000.tuU 0 P: cl! NN4'.0%! 4 I-

P4I 44 cc - 4T N - 4 04 N N 4 4 4 -4 4

00
00 0O Ur% m 0 ~ ~ N ~ ~ C

N0 z .4 NJ4 M00 - * (A5 0 %0 0h -ON 00 4 O
I~ cn 0 -c 7 DU N v4

-4 -4-4

-H 0 A
4J -Ht-

*n C)0 ( 4- f 4 -4 n T -4 4 4 A -4 -4 4 4

0 CI -4 0 00t I N 4 f-0 -~N1- 4' C~ 'nO 0 - 4 a
c>% 0 I 4 - 4-4 4 4 4 44 4

0 14

4) 0l 4OON.- iAn 04 4 CD0 -4(1 M AC N kot Ma 04 -

xi O 000 'O ' 1' 0N%6NC ~~

V)c 0/ OOCOOON'C4OD M C 0 000 404 n A %0t cfl
0 0 1-4 c' -4 -4

A- 00 00-~'t

-4l 4n -4 4 W M W %D M

-4-

'04- ICl 0 %T 1-- U-ON 0%0 > c
0 -4 4 - 4No nI 4N N M'N c

O -T1-4 11 0%I H 1 r I I0 I tA 4 1 H '
O I--- 4co in H- 0r-I- 1-40c1 in r14 hAN H

C'0-4 N--4 -- t-4 -4 N t4-4 N-4W0-4 N

E5


